Introduction
Computer Integrated Manufacturing (CIM) is concerned with integration of the business, engineering, and manufacturing processes of an enterprise. CIM helps the enterprise to obtain and maintain a competitive edge in the manufacturing marketplace.
According to a US National Science Foundation report [18] , CIM has been recognized as an activity of national strategic interest. CIM presents several challenges to the managers, planners, designers, and implementors of organizations and technologies.
The main challenges are:
a knowledge gap; this indicates a lack of sufficient knowledge about CIM to make it a reality, a technological gap; this indicates that technology is not available to implement CIM, a talent gap; this indicates a shortage of researchers and scientists to make CIM a reality, as well as other issues; e.g. the Strategic Defense Initiative, an organizational gap; this indicates difficulties in structuring the organizational resources in order to incorporate the CIM mission.
This paper focuses on the problem of organizing for CIM. This is an area of significant importance because, although CIM means many things to many people [1, 12, 15, 16, 20] , it is generally agreed that a proper organizational structure is crucial to the success of CIM. We have been studying CIM organizational structures during the last two years. Our main information source has been attendees of CIM related seminars that have been sponsored by the Society of Manufacturing Engineering (SME) in the U.S. and by Frost and Sullivan, Inc. in England. These seminars have been taught by the senior author and have exposed us to more than 100 CIM organizations in the U.S. and Europe. In our studies, we have noted approaches to CIM organizational structures which range from simple to sophisticated.
However, most structures fall into three general categories. Due to the nature of these seminars, most people who attend these seminars believe in CIM, we recognize that the sample is somewhat biased.
Overview and background
Organizational structure design, commonly referred to as structure design in management literature, has progressed through several stages: the Classical School of Management, the Human Relations School, the Carnegie-Mellon School and the Integration School [ll] . In addition, the approaches of "one best way" versus "it all depends" are used frequently by management consultants and theorists [17] . Much literature has been published on the theoretical as well as empirical aspects of this area.
The best organizational structure is dependent upon a number of factors, which include: external environmental forces, size of the organization, nature of the business, characteristics of the workforce, background of the management, and organizational strategy. Of particular interest here are structure designs for manufacturing enterprises which depend heavily on information technologies for integration of manufacturing processes with engineering and administrative processes. Such enterprises encounter two sets of organizational problems:
(a) the typical manufacturing problems between the product versur process management and the engineering/ manufacturing/marketing interfaces [7, 13] , and (b) the information technology related organizational problems of coping with technology and expectations [4, 8, 9, 19] . The specific challenges in organizational structure design for CIM are: In the last two years, more than 200 delegates from over 100 companies have attended these seminars.
The surveys were conducted on the first day of the three day seminars by using a form shown in Figure 1 . The results of the survey were summarized and used as a basis for discussion on the third day in a one hour session devoted to the organizational structure design for CIM. We make the following observations from the surveys: _ Approximately 60% of the respondents already have a formal CIM group at corporate and/or Please answer the foUowing questions about your organization.
1.
Do you have a formal CIM department or group within your company or division? Yes:
No: Other (please explain)
2.
If No.
-How is the CIM activity carried on in your organization presently?
3.
If Yes. -Briefly describe how the CIM activity is organized or draw an organization chart of it showing the major its areas.
4.
Draw an organization chart showing the major departments of the rest of your organization and how CIM tits into the total structure expressed the concern that very few individuals in their organization understood the role of CIM and that the organizational attitude towards CIM was not clear ("party line versus reality" were mentioned frequently). ~ The European respondents noted that very few systems are being designed and manufactured by a single enterprise in a single country and because of this the organizational issues of integration across multiple enterprises in multiple countries needed special attention.
Basic organizational structures for CIM
We have found that CIM is introduced by mainly using three approaches. Others are variants of these.
I. Approach 1: Single functional ownership
The simplest design is with a CIM group starting somewhere within a functional department, such as manufacturing, engineering or finance/ administration.
Companies with large manufacturing divisions tend to place CIM under manufacturing, while heavy service/consulting oriented companies place CIM under the finance depart- 
Approach 3: Top management involvement
This approach is similar to the project team approach.
The main difference is that the CIM project manager reports directly to top management. In large organizations, the CIM project manager may report to a top management representative, such as a corporate vice president. The project team essentially becomes a top management task force which investigates the strategic issues related to CIM and advises top management on appropriate courses of action. Often this approach assumes some of the dimensions of matrix organizations.
Reporting to the CEO or corporate VPs has two basic benefits. First, the exposure and credibility of the CIM project team is significantly enhanced. Second, it serves to educate top management by exposing them to the cross-functional issues involved in developing integrated systems. A potential disadvantage of this approach often is loss of contact with the lower level functions such as the plant floor activities.
An incremental approach
Our studies suggest that an organization may choose all three approaches or combinations at different stages of CIM development.
For example, the initial investigation may be conducted by a project team to study and evaluate the organizational and technological aspects of integration and to conduct a feasibility study. In the next stage, after management approval, the project team may be elevated to a top management team for detailed planning of the needed tasks. The CIM implementation may be achieved by decomposing the tasks into functional areas which are managed by the functional units. In this stage, the team members may assume the role of agents and advocates of the CIM plan in their respective functional units. A corporate-wide team may still exist, however, both to monitor individual unit progress and to provide an integrative approach. Such an approach has been discussed informally by some delegates to the seminars. However, no actual experience of applying this approach is available.
Evaluation of organizational structure designs
The overall objective of organizational structures, irrespective of the form they take, is to help in achieving the goals of an organization. It is important to establish uniform measures for evaluating alternative structures and to identify the advantages/ disadvantages of the various structures.
For CIM, the measures should highlight the necessity of corporate-wide integration and must take into account the operational, technological, and human issues. We have found that such an evaluation model provides a systematic approach for a detailed examination and analysis of the proposed organizational structure.
It has been especially useful in providing a uniform basis for evaluation: it has led to valuable insights and discussions. It was also found that the model was instrumental in keeping the discussions more focussed and analytical. Although there were some disagreements concerning the values assigned in the table, the relative merits of the three structures were quickly understood.
Summary and conclusions
Organizational structure design is a key problem for Computer Integrated Manufacturing (CIM) environments. This paper presents initial observations about organizational structures for CIM and discusses three basic approaches uncovered during our contact with various CIM enterprises. An initial framework for evaluating CIM organizational structures is presented and utilized to evaluate the strengths and weaknesses of the three basic approaches.
Several areas of investigation are being explored. More data will be collected on CIM organizational structures and the evaluation model. It is our plan to formalize this evaluation model by recording actual experience from CIM enterprises during future contacts and to extend the model, where needed. In addition, the evaluation model will be formalized and extended into a generic framework.
Another area of investigation will be to use the evaluation framework to develop typical profiles for various industry types. These profiles can show the typical weights assigned to the evaluation measures based on company type, company size, product lines, and organizational strategy. For example, small companies with limited product lines selling to specialized customers may not emphasize technological measures, in contrast to large international high technology enterprises which utilize technology as a competitive edge. Such profiles may be used as a knowledgebase for an expert system that would suggest suitable organizational structures based on the characteristics of a given enterprise.
